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PREFACE 


This  technical  report  covers  the  work  performed  under 
Contract  N00014-78-C-0388,  Amendment  P00004  from  July  1,  1981  to 
December  31,  1981.  Dr.  Robert  Whitehead  is  the  Scientific 
Officer  for  the  Office  of  Naval  Research.  Mr.  R.  E.  Smith  is 
the  Technical  Monitor  for  the  Naval  Weapons  Center. 
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1.  INTRODUCTION 


In  1977  and  1979,  Nielsen  Engineering  &  Research,  Inc. 

(NEAR)  released  two  new  comprehensive  missile  aerodynamics  pre¬ 
diction  programs  entitled  MISSILE1  and  MISSTLE2  respectively 
(refs.  1  and  2) .  The  codes  are  capable  of  computing  the  six 
component  forces  and  moments  acting  on  cruciform  wing-body  and 
wing-body-tail  combinations  with  arbitrary  roll  and  fin  deflec¬ 
tions.  Individual  fin  (panel)  loads  are  computed  as  well.  The 
work  was  sponsored  by  the  Office  of  Naval  Research  and  the 
Naval  Weapons  Center. 

The  Mach  number/fin  aspect  ratio  domain  covered  by  the  two 
programs  is  shown  in  figure  1.  The  original  boundaries  of  the 
domain  are  limited  by  the  availability  of  systematic  cruciform 
wing-body  data  for  which  panel  loads  were  obtained  since  the 
codes  use  a  semi-empirical  approach  requiring  a  fin-on-body  data 
base.  The  domain  is  being  extended  in  a  program  sponsored  by 
all  three  services  and  NASA  to  be  completed  in  1984  (ref.  3) . 

The  purpose  of  the  present  work  is  to  fulfill  a  Naval 
Weapons  Center  need  for  interim  computer  programs  capable  of 
handling  Mach  numbers  up  to  five,  fin  aspect  ratios  up  to  5,  and 
angles  of  attack  and  fin  deflection  up  to  20°.  The  work  has  been 
sponsored  by  NWC  through  the  Office  of  Naval  Research  under 
contract  N00014-78-C-0388. 

The  approach  adopted  for  extending  the  fin  data  base  was  to 
use  an  existing  Euler  equation  solver  (ref.  4)  to  generate 
inviscid  flow  fields  about  a  test  body  similar  to  the  one  used 
to  obtain  the  present  data  base.  Then,  strip  theory  together 
with  a  wing-alone  data  base  (ref.  5)  was  used  to  obtain  loads  on 
fins  placed  in  the  computed  flow  fields.  Finally,  the  computed 
fin  normal-force  coefficients  were  adjusted  to  be  consistent 
with  the  experimental  data  base  already  in  the  codes. 


The  rest  of  this  report  describes  the  details  of  the  pro¬ 
cedures  used  and  gives  some  data  comparisons  made  with  the  new 
codes  designated  MISSILE1A  and  MISSILE2A.  Sample  cases  are  also 
presented.  Since  the  input  requirements  of  the  new  codes  have 
not  been  changed,  the  users  manuals  in  references  1  and  2  are 
still  applicable. 

2.  DEVELOPMENT  OF  ANALYTICAL  EXTENSION 

The  steps  involved  in  extending  the  fin  data  base  are  as 
follows: 

1.  Using  an  existing  Euler  equation  solver,  generate 
inviscid  flow  fields  (i.e.,  without  vortices)  about  a 
test  body  similar  to  the  one  used  to  generate  the  pre¬ 
sent  experimental  fin-on-body  data  base. 

2.  Compute  the  normal  forces  acting  on  fins  placed  in  the 
flow  fields  of  step  1  by  using  strip  theory  normalized 
by  wing-alone  data. 

3.  Adjust  the  computed  normal-force  coefficients  to  be  con¬ 
sistent  with  the  experimental  data  base  already  in  the 
codes. 

Step  1  involved  running  the  Euler  equation  solver  of  reference  4 
for  angles  of  attack  of  5°,  10°,  15°,  and  20°  and  Mach  numbers 
of  2.0,  3.0,  and  4.5.  Step  2  involved  inserting  the  matrix  of 
fins  shown  below  into  those  twelve  flow  fields  and  computing  the 
normal-force  coefficients  acting  on  them  for  roll  angles  varying 
from  -90°  to  +90°.  The  T31,  T14,  T15,  Til,  and  T23  fins  are  in 
the  present  data  base  generated  by  J.  E.  Fidler  (ref.  6).  They 
are  in  the  matrix  shown  for  two  reasons:  (1)  the  data  base  of 
reference  6  does  not  extend  beyond  M^  =  3.0  and  (2)  comparison  of 
the  computed  and  experimental  coefficients  at  M^  =  2.0  and  3.0 
gives  necessary  guidance  for  adjusting  the  computed  results  for 
the  new  conditions. 
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FIN  MATRIX 


2.1  Fin-On-Body  Normal  Force  Coefficients 

2,1.1  Strip  theory.-  Simple  strip  theory  gives  the  following 
result  for  the  crossflow  plane  shown  in  the  sketch  below. 


strip 
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In  equation  (1)  ot^,  M^,  and  are  the  local  angle  of  attack,  Mach 
number  and  dynamic  pressure  at  the  plane  to  be  occupied  by  the  fin 
as  functions  of  spanwise  distance  from  the  body,  t.  The  local  angle 
of  attack,  a^,  is  defined  in  a  plane  normal  to  the  fin  chord  plane. 
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Only  zero-thickness  fins  are  considered.  The  quantity  c  is  the 

local  fin  chord  and  c  is  the  local  section  normal- force  coef- 

n 

ficient  given  by  2-D  shock-expansion  theory.  A  subroutine 
written  by  F.  K.  Goodwin  (ref.  7)  was  used  to  generate  c^. 

To  account  for  3-D  effects,  we  carry  out  the  integration  of 
(1)  for  some  average  a ^  and  divide  (1)  by  that  value  and 
multiply  by  the  experimental  wing-alone  value  for  a ^  and  i.e., 
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and  substitute  (1),  (3)  and  (4)  into  (2),  we  get 
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Since  the  fin  normal  force  coefficient  is  defined  as 

N  _  „ 

C  =  — 

NF(B)  q»s 

equation  (5)  can  be  rewritten  as 


(6) 


°N 


w 


'N 


F(B)  cn(ai,M<) 


r  m 

•  §•  •  J  cn(lW  if 


cdt 


(7) 


8 


Equation  (7)  was  used  for  all  of  the  strip-theory  calculations. 

The  development  above  does  not  suggest  how  to  define 
and  M^.  Two  obvious  choices  are  (1)  average  over  the  span  and 
(2)  average  over  the  span  with  c  as  a  weighting  parameter. 

Another  possibility  for  is  obtained  by  assuming  cn  to  be 
linear  in  a ^  and  slowly  varying  with  over  the  fin,  i.e., 

WV  =  CnQ(iV  *  al  (8) 

Substituting  (8)  into  (1)  gives 

Sm 

Nstrip  *  cn  <V.[  W*  1  (9> 

a  a 

but  substituting  (8)  into  (3)  gives 


Nstrip,a£,M£  cn  aiMl)alqlS 
Equating  (9)  and  (10)  gives 
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All  of  the  averaging  techniques  described  above  were  tried  with 

virtually  identical  results.  Another  rather  extreme  approach  is 

to  replace  cn  in  (1)  with  CN  (a^,M^).  If  this  is  done,  equa- 

w 

tion  (7)  simply  becomes 
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(12) 


Equations  (7)  and  (12)  gave  nearly  identical  results. 
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2.1.2  Modification  of  strip  theory  results.-  Fin  T23  (JR  -  2, 
A  =  j)  was  chosen  to  illustrate  the  accuracy  of  the  Euler/strip- 
theory  method.  Figure  2  gives  comparisons  between  the  data  now 
in  MISSILE  and  the  Euler/strip  theory  for  M^  =  3.0  and  the  angle 
of  attack  range  5°  to  20°.  Note  that  the  comparisons  are  good 
for  the  windward  quadrant  (0  <  4>  <.  90°)  but  the  agreement  for  the 
leeward  quadrant  (-90°  <.  <_  0)  is  unsatisfactory.  The  agreement 

for  ac  =  15°  appears  to  be  fortuitous.  Results  for  the  other 
fins  of  interest  are  similar.  Hence,  we  are  forced  to  develop  a 
procedure  for  improving  the  strip- theory  results. 

The  method  chosen  is  based  on  comparisons  of  the  theory  with 
data  where  available  and  extrapolating  to  the  conditions  of 
interest.  The  quantity  to  be  extrapolated  is 


data 


*  F  ( B ) 

v  Euler/strip  theory 


which  is  a  function  of  cxc,  <J>  and  for  each  fin.  The  steps  in¬ 
volved  are: 

1.  Extrapolate  e  for  ac  =  5° , 10° , 15° , 20°  and 

<{)  =  -60°  , -30°  ,  0 , 30°  ,  60°  for  each  fin  in  the  present  data 

base  (T31,  T14 ,  T15,  Til,  T23)  from  =  2  and  3  to 

=  4.5.  Trial  studies  using  wing-alone  data  (ref.  5) 

indicated  that  better  results  would  be  obtained  if 

extrapolation  were  carried  out  linearly  with  respect  to  1/6 

rather  than  Mm  so  that  approach  was  adopted.  The  projected 

values  of  e  for  Mm  =  4.5  were  multiplied  by 

C„  to  get  projected  values  of 

WF  (B) 

Euler/strip  theory 

C„  .  Those  results  were  plotted  and  hand-fit  so 

F(B»|data 

that  results  for  intermediate  values  of  <p  would  be 
obtained.  The  final  results  are  given  in  table  1  which 
is  similar  to  those  in  ref.  1.  Note  that,  as  in  ref.  1, 
results  are  given  for  ac  =  4°  rather  than  c*c  =  5°. 


2.  As  in  step  1,  extrapolate  e  for  X  =  1/2  fins  from 
JR  =  1  and  2  to  JR  *  4  to  obtain  results  for  fin  T8 

(JR  =  4,  X  =  1/2)  for  =  2  and  3.  Trial  studies  using 
wing-alone  data  (ref.  5)  indicated  that  better  results 
would  be  obtained  if  extrapolation  were  carried  out 
linearly  in  rather  than  JR  so  that  approach  was 
adopted.  The  final  results  are  given  in  tables  2  and  3. 

3.  As  in  step  1,  extrapolate  e  for  fin  T8  from  =  2  and  3 
to  =  4.5.  The  final  results  are  given  in  table  4. 

Extrapolation  for  the  X  =  0  and  1  fins  (T7  and  T9)  from 
JR  =  1/2  and  1  (see  matrix  on  page  3)  to  JR  =  4  was  judged  to  be  too 
risky.  To  account  for  taper  ratio  effects  for  the  JR  =  4  fins,  the 
wing-alone  data  of  ref.  5  were  used  in  the  following  way: 

1.  The  differences  between  the  wing-along  normal-force  coef¬ 
ficients  of  the  JR  -  2  wings  for  X  =  0  and  X  =  1  for 

=  2.0,  3.0,  and  4.5  were  subtracted  from  the  X  =  1/2 
data  for  the  same  angle  of  attack.* 

2.  The  differences  found  in  step  1  were  plotted  versus  CN 

for  the  X  =  1/2  wing.  u 

3.  For  a  given  ac,  <j>,  Mb  combination  the  fin-on-body  normal- 
force  coefficient  for  the  JR  =  4 ,  X  =  1/2  fins  is  found 
from  tables  2(b),  3(b),  and  4(b). 

4.  The  result  of  step  3  is  used  in  the  results  of  step  2  to 
find  the  differences  in  fin-on-body  normal-force  coef¬ 
ficient  due  to  taper  ratios  X  -  0  and  1. 

The  results  of  the  above  processes  are  given  in  tables  2-4. 

2.1.3  Fin-body  interference.-  An  important  aspect  of  the 
MISSILE  methodology  is  the  equivalent  angle-of-attack  concept 
(ref.  1) .  That  concept  relies  not  only  on  a  fin-on-body  data  base 
but  also  a  data  base  for  wings  alone.  To  create  the  necessary 
additions  to  the  wing-alone  data  base  of  ref.  1,  we  interpolated 

*The  wing-alone  data  of  ref.  5  do  not  include  taper  ratio 
effects  for  the  JR  =  4  case. 


11 


and  extrapolated  in  the  data  base  of  ref.  5.  The  results  are 
given  in  table  5. 


The  factor  in  the  a  concept  which  is  used  to  account  for 

the  effects  of  fin  span  is  K  and  is  defined  to  be  (ref.  1)  : 

w 


tan  a. 


Kw  = 


eq 


tan  a 


(14) 


where  a  is  given  by 
eq 


CN  {aeg)  =  CN  (V*  =  °'6  =  0) 
wW  eq  F(B)  C 


(15) 


i.e.,  a  is  the  wing-alone  angle  of  attack  corresponding  to 

CM  for  zero  roll  and  no  fin  deflections.  Values  of  IO.  for 
nF(B)  w 

the  data  base  extension  are  given  in  table  6. 


2.2  Center-of-Pressure  Location 

Since  no  systematic  fin-on-body  force  and  moment  data  are 
available  for  Mm  >  3.0  and  since  the  Euler/strip  theory  was  felt 
to  be  unreliable  for  center-of-pressure  calculations,  we  resorted 
to  using  the  wing-alone  data  of  ref.  5  for  >.  2.0.  For  both  n 
and  x/cr  the  procedure  used  was  as  follows: 

1.  For  each  fin  and  Mn  in  the  base  of  ref.  5,  n  and  x  were 

plotted  versus  C„  . 

w 

2.  The  curves  from  step  1  were  crossplotted  versus  with 

CN  as  a  parameter, 
w 

3.  Values  of  n  and  x/cr  were  obtained  from  the  results  of 
step  2  for  =  2.0,  3.0,  and  4.5  for  all  fins  in  the 
data  base. 

The  final  results  are  given  in  tables  7  and  8. 


2.3  Body- Vortex  Data  Base 

The  data  base  of  reference  1  does  not  include  forebody  vortex 
information  for  >  3.  Hence,  a  study  was  conducted  using  the 


Euler  code  of  reference  4  with  Kutta  condition  imposed  to  obtain 
vortex  strengths  for  MB  =  4.5  and  ac  =  10°, 15°, 20°.  Separation 
was  started  at  x/D  =  1.5  and  at  the  meridional  line  given  by 
<J>  =  -30°  for  the  entire  length  of  the  body  in  accordance  with 
the  correlation  of  ref.  8.  The  results  are  shown  in  figure  3 
together  with  the  previous  correlation  of  ref.  1.  Also  shown  are 
the  experimental  data  of  Oberkampf  (ref.  9) . 

The  comparisons  of  figure  3  convinced  us  to  use  the  =  3 

correlation  of  reference  1  for  all  M  >  3  as  well. 

00 


3.0  DATA  COMPARISONS  AND  SAMPLE  CASES 

The  new  additions  to  the  data  bases  of  references  1  and  2 
as  described  above  have  been  incorporated  into  the  computer  pro¬ 
grams.  The  new  codes  have  been  designated  MISSILE1A  and  MISSILE2A 
respectively.  As  a  check  on  the  accuracy  of  the  new  codes, 
results  from  MISSILE2A  have  been  obtained  for  comparison  with  the 
AIM-9L  wind  tunnel  data.  The  AIM-9L  model  is  shown  in  figures  4 
and  5.  The  test  case  was  for  M#  *  3.5,  tj>  =  0,  6^  3  =  20°  (yaw) 
and  &2  4  ~  °°  (pitch).  The  comparisons  are  given  in  figure  6. 
Except  for  the  rolling-moment  coefficient  the  agreement  is 
good.  Note  that  for  M^  =  3.5,  the  canard  fin  is  well  outside  the 
data  base  of  reference  1. 


The  sample  cases  for  both  codes  were  derived  from  the  model 
of  figures  4  and  5.  The  nose  was  approximated  by  a  cone  for  con¬ 


venience  and  C 


N 


was  estimated  to  be  3.35  from  available 


|  nose 

data.  The  sample  cases  represent  the  a  =  20°  data  shown  in 
figure  6.  The  sample  inputs  and  outputs  for  MISSILE1A  and  2A  are 
given  in  figures  7  and  8  respectively.  Since  the  input  for  both 
codes  is  unchanged,  the  users  manuals  for  references  1  and  2 
should  still  be  used. 
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4.0  CONCLUSIONS 

The  data  bases  for  the  comprehensive  missile  aerodynamics 
prediction  codes  known  as  MISSILE1  and  2  have  been  extended  by 
an  analytical  procedure  using  body-alone  Euler  finite-difference 
solutions,  shock-expansion  strip  theory,  wing-alone  data  and 
careful  extrapolation.  The  fin  data  bases  have  been  extended  to 
=  4.5  and  JR  =  4  for  angles  of  attack  up  to  20°.  The  new 
codes  designated  MISSILE1A  and  2A  will  allow  cases  for  MB  up  to 
five  and  JR  up  to  five. 
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LIST  OF  SYMBOLS 


a 

m 

cl 

Cm 


'N 


'N 


C  (B) 


'N, 


W 


n 


'N 


F  (B) 


D 

KW 


m 


body  radius 
aspect  ratio 

rolling-moment  coefficient 
pitching-moment  coefficient 
normal-force  coefficient 

normal-force  coefficient  of  two  opposing  canard  fins 
on  body 

normal-force  coefficient  of  wing  alone 

yawing-moment  coefficient 
side-force  coefficient 

normal-force  coefficient  of  fin-on-body 

local  chord  parallel  to  root  chord 
body  diameter 

interference  coefficient  for  fin  in  presence  of  body 

local  section  normal-force  coefficient 

Mach  number 

fin  normal  force 

dynamic  pressure 

fin  planform  area 

total  fin  semispan 

flow  velocity  of  free  stream 

distance  from  nose  of  body 

angle  of  incidence  of  body 
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i 


equivalent  angle  of  attack 

i/R  -  ~\ 

vortex  strength 
deflection  of  fin  i 

ratio  of  experimental  fin  normal-force  coefficient  to 
that  for  Euler-strip  theory. 

fin  taper  ratio 

roll  angle  measured  clockwise  from  the  horizontal 
plane  (right  fin  down  as  viewed  from  rear) 


local  quantity 
separation 

free-stream  condition 


Table  1.-  Fin-on-body  normal-force  coefficients  without 
vortices  present  for  Mw  «  4.5  for  fins  in  data  base 
of  references  1  and  2. 

(a)  Fin  T51:  m  =  1/2,  A  =  1/2 


—  fin  normal-force  coefficient 

F  (B) 


\  01 

0° 

4° 

10e 

15° 

ro 

o 

o 

-90° 

0 

0 

0 

0 

0 

-80° 

0 

.008 

.015 

.023 

.025 

-70° 

0 

.015 

.027 

.  047 

.053 

-60° 

0 

.022 

.040 

.073 

.085 

-50° 

0 

.028 

.055 

.102 

.125 

O 

O 

0 

.034 

.070 

.130 

.165 

-30° 

0 

.040 

.085 

.160 

.205 

O 

o 

<N 

1 

0 

.044 

.105 

.190 

.247 

-10e 

0 

.048 

.123 

.213 

.285 

0° 

0 

.051 

.137 

.233 

.323 

10° 

0 

.052 

.148 

.247 

.  353 

20° 

0 

.054 

.155 

.253 

.377 

mm 

0 

.053 

.155 

.250 

.  388 

o 

O 

** 

0 

.051 

.147 

.230 

.  380 

50° 

0 

.045 

.132 

.203 

.340 

o 

o 

0 

.037 

.111 

.165 

.275 

o 

O 

r- 

0 

.030 

.080 

.117 

.185 

00 

0 

.017 

.043 

.062 

.092 

90° 

0 

.  0 

0 

0 

0 
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Table  1 


(b)  Fin  T14 

C.,  —  fin  norir 

NF(B) 


Continued 


!  •  K  *  1  |  A  =  0 
lal-force  coefficient 


10° 

15° 

K) 

O 

o 

0 

0 

0 

.007 

.015 

.022 

.019 

.035 

.050 

.034 

.056 

.080 

.050 

.080 

.115 

.068 

.106 

.152 

.087 

.134 

.190 

.107 

.161 

.230 

.123 

.187 

.270 

.137 

.210 

.300 

.145 

.2  32 

.  325 

.147 

.244 

.342 

.145 

.245 

.350 

.140 

.230 

.340 

.126 

.206 

.310 

.106 

.175 

.265 

.075 

.125 

.185 

.040 

.067 

.095 

0 

0 

0 

■ 


Table  1 


.itinued 


(c)  Fin  TJ  m  =  1,  A  =  1/2 

—  fin  n  :.al-force  coefficient 


R 

0° 

4° 

10° 

15° 

O 

o 

CM 

0 

0 

0 

0 

0 

0 

.010 

.025 

.030 

.028 

0 

.020 

.050 

.055 

.063 

0 

.030 

.075 

.085 

.103 

0 

.038 

.097 

.111 

.150 

0 

.046 

.117 

.140 

.200 

0 

.054 

.134 

.166 

.250 

0 

.060 

.148 

.195 

.300 

0 

.064 

.158 

.220 

.340 

0 

.066 

.165 

.248 

.  372 

0 

.068 

.170 

.263 

.395 

0 

.066 

.169 

.274 

.410 

0 

.062 

.163 

.275 

.413 

0 

.056 

.153 

.260 

.  397 

0 

.048 

.137 

.2  31 

.365 

0 

.037 

.112 

.192 

.  312 

0 

.026 

.077 

.136 

.230 

0 

.014 

.040 

.071 

.125 

_ 

0 

0 

0 

0 

0 

r 


.  < 


i 

i 


Table  1.-  ( 

(d)  Fin  Til: 

Cv,  —  fin  normal- 
NF(B) 


ESI 

0° 

4° 

-90° 

0 

0 

-80° 

0 

.008 

1 

O 

O 

0 

.016 

SB 

0 

.026 

-50° 

0 

.036 

0 

0 

1 

0 

.044 

-30° 

0 

.052 

-20° 

0 

.058 

M 

O 

0 

0 

.060 

0° 

0 

.062 

10° 

0 

.060 

0 

0 

CM 

0 

.056 

30° 

0 

.050 

40° 

0 

.043 

in 

0 

0 

0 

.036 

60° 

0 

.028 

O 

O 

0 

.020 

O 

O 

00 

0 

.012 

90® 

0 

0 

_ 

2: 


j 


T 


Table  1.-  Concluded 


(e)  Fin  T23:  JR  =  2,  X  =  1/2 

C.,  —  fin  normal-force  coefficient 

NF<B) 


SI 

0° 

4° 

10° 

15° 

BB 

-90° 

0 

0 

0 

0 

0 

-80° 

0 

.006 

.023 

.035 

.036 

o 

O 

0 

.014 

.045 

.072 

.080 

■a 

0 

.022 

.066 

.107 

.130 

mm 

0 

.029 

.085 

.140 

.184 

o 

O 

1 

0 

.036 

.105 

.172 

.235 

-30° 

0 

.042 

.120 

.205 

.285 

-20° 

0 

.048 

.137 

.235 

.335 

-10° 

0 

.053 

.150 

.265 

.  380 

0° 

0 

.056 

.162 

.290 

.425 

O 

o 

0 

.058 

.170 

.302 

.462 

20° 

0 

.059 

.170 

.300 

.485 

30° 

0 

.057 

.165 

.287 

.485 

o 

o 

0 

.051 

.145 

.260 

.450 

50° 

0 

.043 

.122 

.222 

.395 

60° 

0 

.034 

.095 

.172 

.  312 

o 

o 

0 

.023 

.065 

.117 

.208 

■tli 

0 

.012 

.032 

.057 

.105 

m 

0 

0 

0 

0 

0 
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iy  normal- force  coefficient  without 
it  for  M  =  2.0  for  JR  =  4  fins. 

CO 

a)  Fin  T7:  A  =  0 
n  normal-force  coefficient 


1 

4° 

10° 

15° 

O 

O 

CN 

0 

0 

0 

0 

.014 

.025 

.034 

.050 

.0  32 

.072 

.  095 

.140 

.053 

.134 

.175 

.245 

.075 

.205 

.272 

.  375 

.097 

.286 

.  382 

.500 

.118 

.  370 

.500 

.625 

.138 

.4  34 

.602 

.735 

.156 

.475 

.675 

.830 

.172 

.490 

.725 

|  .905 

.178 

.490 

.  750 

!  .925 

.175 

.470 

.  745 

.920 

.164 

.432 

.  715 

.890 

.144 

.  378 

.632 

.832 

.122 

.  315 

.535 

.740 

.096 

.245 

.430 

.610 

.  067 

.170 

.  300 

.425 

.0  34 

.  090 

.160 

.220 

0 

0 

0 

0 
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Table  2.- 


(b)  Fin  T 


C.,  —  fin  norn 

NF(B) 


:  X  =  1/2 


tal'- force  coefficient 


H* 

O 

O 

15° 

20° 

0 

0 

..  _  . 

0 

.  020 

.  030 

.070 

.048 

.068 

.165 

.110 

.133 

.275 

.230 

.264 

.410 

.  334 

.420 

.550 

.410 

.550 

.690 

.467 

.660 

.  806 

.505 

.74  0 

.900 

.528 

.790 

.970 

.526 

.  820 

1.010 

.510 

.820 

1.013 

.477 

.786 

.985 

.420 

.  710 

.925 

.  355 

.603 

.824 

.280 

.478 

.670 

.190 

.  330 

.470 

.100 

.170 

.223 

0 

0 

0 
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Table  2.-  Concluded. 

(c)  Fin  T9:  X  =  1 
fin  normal-force  coefficient 


-90° 


-80° 


-70° 


-60° 


-50° 


-40° 


-30° 


-20° 


-10° 


0° 


10° 


20° 


30° 


40° 


50° 


60° 


70 


8u° 


.016 

.048 

.056 

.036 

.110 

.140 

.  059 

.190 

.240 

.  085 

.275 

.  348 

.110 

.  352 

.455 

.134 

.424 

.562 

.157 

.475 

.650 

.177 

.515 

.  730 

.194 

.540 

.796 

.201 

.545 

.  824 

.198 

.526 

.825 

.185 

.490 

.793 

.163 

.426 

.710 

.137 

.  360 

.614 

.108 

.282 

.4  91 

.075 

.196 

.  355 

.038 

.100 

i 

.  190 

.072 


.180 


.  310 


.442 


.570 


.699 


.800 


.890 


.967 


1.004 


1.006 


.982 


.920 


.822 


.680 


.470 


.240 


9 


Table  3.-  Fin-on-body 
vortices  present 


normal-force  coefficients  without 

for  =  3.0  for  JR  =  4  fins. 

00 


(a)  Fin  T7:  X  =  0 


Cx,  —  fin  normal-force  coefficient 
NF(B) 


0° 

4° 

O 

O 

ri 

15° 

K> 

O 

o 

1 

KD 

O 

0 

0 

0 

0 

0 

0 

1 

00 

o 

o 

0 

.008 

.035 

.038 

.  082 

o 

O 

0 

.  018 

.  065 

.080 

.160 

l 

o\ 

o 

o 

0 

.028 

.  095 

.128 

.235 

-50° 

0 

.039 

.125 

.180 

.302 

1 

O 

o 

0 

.051 

.155 

.232 

.  365 

o 

O 

ro 

1 

0 

.061 

.185 

.285 

.422 

-20° 

0 

.072 

.210 

.340 

.470 

1 

M 

O 

o 

0 

.082 

.230 

.382 

.512 

0° 

0 

.090 

.250 

.415 

.555 

10° 

0 

.094 

.255 

.428 

.575 

o 

O 

CM 

0 

.092 

.246 

.426 

.585 

30° 

0 

.084 

.226 

.400 

.575 

O 

o 

*3* 

0 

.074 

.194 

.  340 

.490 

50° 

0 

.062 

.160 

.280 

.405 

cr> 

o 

o 

0 

.048 

.120 

.215 

.  315 

o 

o 

0 

.033 

.084 

.145 

.215 

CO 

O 

o 

0 

.017 

.045 

.074 

.110 

90° 

0 

0 

0 

0 

0 

Table  3.-  Continued 


(b)  Fin  T8 :  X  =  1/2 
firs  normal-force  coefficient 


■■ 

4° 

10° 

15° 

0 

0 

0 

.006 

.030 

.040 

.016 

.065 

.090 

.027 

.102 

.146 

.041 

.140 

.212 

.056 

.178 

.275 

.  070 

.212 

.334 

.084 

.242 

.385 

.094 

.270 

.4  35 

.102 

.294 

.475 

.104 

.297 

.496 

.102 

.287 

.494 

.094 

.263 

.458 

.080 

.222 

.  390 

.068 

.180 

.322 

.053 

.136 

.246 

.0  36 

.090 

.167 

.018 

.045 

.085 

0 

0 

0 

body  normal- force  coefficients  without 

sent  for  -  4.5  for  JR  =  4  fins. 

00 

(a)  Fin  T7:  X  =  0 
fin  normal-force  coefficient 


— 

4° 

10° 

15° 

O 

o 

(N 

0 

0 

0 

0 

.007 

.030 

.040 

.055 

.013 

.050 

.072 

.105 

.019 

* 

.070 

.105 

.155 

.024 

.090 

.135 

.200 

.030 

.108 

.164 

.248 

.036 

.120 

.190 

.290 

.041 

.135 

.220 

.  335 

.045 

.148 

.242 

.  378 

.048 

.155 

.265 

.420 

.050 

.160 

.274 

.460 

.050 

.158 

.270 

.486 

.049 

.154 

.254 

.484 

.044 

.135 

.224 

.420 

.038 

.110 

.190 

.  350 

.030 

.080 

.145 

.266 

.021 

.060 

.105 

.182 

.011 

.030 

.055 

.090 

0 

0 

0 

0 
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Table  4.-  Continued 


(b)  Fin  T8:  X  =  1/2 
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Table  4.-  Concluded 


(c)  Fin  T9:  X  =  1 

Cv,  —  fin  normal-force  coefficient 

NF(B) 


B9 

0° 

4° 

10° 

15° 

20° 

-90° 

0 

0 

0 

0 

0 

0 

O 

00 

1 

0 

.  008 

.  023 

.040 

.058 

o 

o 

r-* 

1 

0 

.  014 

.045 

.075 

.112 

o 

O 

1 

0 

.020 

.068 

.107 

.165 

-50° 

0 

.  026 

.088 

.146 

.216 

1 

O 

o 

0 

.032 

.106 

.180 

.270 

■ 

u> 

o 

0 

0 

.038 

.128 

.219 

.  328 

1 

N> 

O 

o 

0 

.044 

.142 

.248 

.388 

0 

o 

I 

_ 

0 

.048 

.158 

.280 

.450 

0° 

0 

.052 

.176 

.315 

.507 

o 

O 

H 

_ 

0 

.054 

.178 

.  320 

.564 

o 

O 

cm 

0 

.054 

.180 

.  315 

.600 

30° 

0 

.053 

.176 

.298 

.596 

40° 

0 

.047 

.150 

.255 

.505 

mm 

0 

.040 

.120 

.210 

.415 

60° 

0 

.032 

.088 

.165 

.315 

o 

o 

0 

.020 

.062 

.106 

.210 

00 

o 

o 

0 

.010 

.030 

.054 

.105 

90° 

0 

0 

0 

0 

0 

Table  5.-  Wing-alone  normal-force  coefficients  for 
new  domain  of  data  base. 


Table  5.-  Concluded 


Table  7.-  Continued. 


Aspect  ratio 


Figure  l.~  Aspect  ratio-Mach  number  range  of  MISSILEl  and  MISSILE2 

and  planned  Triservice  extensions. 


for  T23 


Figure  2.-  Continued 


Figure  2.-  Concluded 


Figure  3.-  Comparison  of  correlations  from  reference  1,  data  from  reference  8  and 
Euler  computation  for  forebody  vortex  strengths;  M  =4.5 
tangent-ogive  cylinder  with  I^/D  =  3. 


Figure  4.-  AIM-9L  wind  tunnel  models 
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©EXPERIMENT  (Ref.  10) 


ac,  Degrees 

(a)  Normal-force  coefficient 


(b)  Side-force  coefficient 


gure  6.  -  Comparison  of  results 
AIM-9L  data  from  reference  10; 


from  new 
Kcc  =  3.5 


codes  with 
.  *  =  0, 


'1'  3 


=  20' 


2  •  4 


=  0. 
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L 


4 


(e) 


8  12  16 
ac,  degrees 

Rolling-moment  coefficient 
Figure  6.  -  Concluded. 


y 

20 
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Figure  8.-  Sample  output  results  for  the  new  codes 


Figure  8.-  Continued. 
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(a)  MISSILE1A 
Figure  8.-  Continued 


Figure  8.-  Continued. 


S0»01  Nl  i  iWJ-*3|M0A 


(a)  MISSILE1A 
Figure  8.-  Continued. 


Figure  8.-  Continued 


Figure  8.-  Continued 


Figure  8.-  Continued 


Figure  8.-  Continued. 


Figure  8.-  Continued. 


igure  8.-  Continue 


CANARD  SECTION  results  fOR  ALPHA  *  ?0.000  AND  Phi  *  0.000 

¥ORTE*-EHEE  UN  LOADS 


Figure  8.-  Continued 


Figure  8.-  Continued. 


I 


Figure  8.-  Continued. 


Figure  8.-  Continued 
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Figure  8.-  Continued. 
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